ABSTRACT. Baseline levels of the chemical carcinogen benzo(a)pyrene were measured in arctic sediments. Levels were highest in samples from the Mackenzie River delta and adjacent areas of the Beaufort Sea. The distribution of carcinogen did not correspond to the location of inhabited areas -a natural rather than a man-made source for polycyclic aromatic hydrocarbons in arctic sediments is indicated.
INTRODUCTION
Stimulated by the possibility of oil leakage and spills, considerable attention has been given to aliphatic hydrocarbons in the arctic environment. Their geographic distribution (NAS publication, 1975;  McAuliffe, 1976) and accumulation in sediments (Shaw and Cheek, 1976) has been submitted to numerous careful examinations. Less work has been done on the occurrence of polycyclic aromatic hydrocarbons (PAH) in marine environments (Neff, 1979) although many of them are potent carcinogens and thus could represent a hazard to living organisms including man (IARC, 1972) . It is widely assumed that PAH's in bottom sediments and sedentary organisms are associated with human activity (Dunn and Stich, 1976;  Grimmer and Bohnke, 1975;  Neff, 1979) . Benzo(a) pyrene [B(a)P] which is one of the carcinogenic PAH's was observed in commercial and pleasure boat harbors, vicinities of urban or industrial discharges, and piers containing creosoted pilings.
In this paper we report the occurrence of B(a)P in shore sediments of what are generally considered to be pristine arctic waters. The observed concentrations of B(a)P can be used as a baseline useful for detecting man-made contaminations. These studies may help in recognizing naturally-occurring hot spots of chemical carcinogens which remain unrecognized because of our current emphasis on man-made contamination.
MATERIAL AND METHODS

Sediment Samples
Samples were obtained by collecting the top layers of sediment not exceeding 5 cm in depth. The samples were frozen within an hour of collecting and only 'Environmental Carcinogenesis Unit, British Columbia Cancer Research Centre, 601 West 10th Avenue, Vancouver, B.C., Canada VSZ 1L3 H. F.
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thawed prior to B(a)P analysis. The sediment was kept in plastic bags which did not contribute any detectable amounts of PAH's to the samples.
Analysis of Benzo(a)pyrene
Techniques used for the extraction of polycyclic aromatic hydrocarbons and the removal of interfering materials have been described previously (Dunn, 1976) . In brief, 50-100 g of sediment were refluxed with alcoholic KOH, then the sediment removed by decantation. Water was added to the alcoholic extract, and the hydrocarbons partitioned into iso-octane. Interfering materials were removed by column chromatography of Florisil and by partitioning the extract between iso-octane and DMSO. An internal standard of radioactively labelled benzo(a)pyrene was added to each sample before extraction in order to correct for losses during the procedures.
Benzo(a)pyrene was measured in one of two ways. For Alaska samples, and for Mackenzie/Beaufort Sea samples taken in 1977, benzo(a)pyrene was separated from other polycyclic aromatic hydrocarbons by thin-layer chromatography on cellulose acetate, and measured by fluorimetry (Dunn, 1976) . For Mackenzie/Beaufort Sea samples taken in 1979, purified extracts of polycyclic aromatic hydrocarbons were subjected to high pressure liquid chromatography on a Perkin-Elmer HC-ODS column using a gradient of 60 to 99% acetonitrile in water. Chromatographic separations were simiar to those reported by Ogan etal. (1979). Benzo(a)pyrene was measured using a UV absorption detector and a fluorescence detector in series. When samples of sediments were split and analyzed by both methods, analytical results generally agreed to within & 25%. Because such analytical variability is less than the variability between different samples, no distinction is made in the tables between sediments analyzed by different procedures.
Duplicate samples of sediments were dried at 80°C for 24 hours to determine their moisture content. Dried samples were then heated at 500°C for 6 hours for determination of the ashable organic content by weight loss during ignition. Data in tables are expressed in micrograms benzo(a)pyrene per kg wet sediment, per kg dry sediment, and per kg organic content (determined by ignition at 500"). For example, if a 100 g wet sample is found to contain 1 kg benzo(a)pyrene, and analysis of a duplicate sample reveals a dry weight of 50 grams and a loss during ignition of 5 grams, the contamination of the sample is 10 kg/kg wet weight, 20 pg/kg dry weight, and 200 pg/kg organic content.
RESULTS
Bottom sediments were collected from areas of three geographically distinct regions: (1) Kotzebue and Nome area (Alaska); (2) Mackenzie delta and its vicinity extending westwards to Herschel Island and eastwards till Franklin Bay (Northwest Territories, Canada); and (3) Devon Island (High Arctic Canada). Most sampling sites are shown in Figures 1 and 2 . The samples were taken at the water edge during a regular low tide period. The concentrations of B(a)P per kg wet or dry sample weight are given in Table  1 . When comparing the contamination of samples from a given area, it was apparent that there was to some-degree a positive correlation between levels of B(a)P, and levels of organic material in the sediments. A linear regression analysis for 19 Mackenzie delta and Beaufort Sea samples taken in 1977 indicated a correlation coefficient of 0.479 (significant at the 5% confidence level). To help in the interpretation of the data, levels of B(a)P were also expressed in terms of the organic content of the samples (Table 1 , last column). This latter figure gives an indication of the contamination of the organic fraction of the sediment, independent of the proportion of mineral material (sand, pebbles, etc.) in the sample. The results show considerable geographic differences in B(a)P concentrations. Relatively high concentrations were only observed in sediments of the Mackenzie delta (N.W.T.) and towards the area of the Smoking Hills (N.W.T.). Samples from Alaska and Devon Island contained low B(a)P levels.
Of particular intere.st is the observation that the B(a)P contents of sediments close to cities (e.g. Kotzebue and Nome in Alaska, Inuvik and Aklavik in Canada) did not show any significant increase above those found in the neighbouring areas. Similarly, the B(a)P levels of beaches with motorboat traffic (e.g. The variation in B(a)P levels between different samples from the same sampling area is shown in Table 2 . There is considerable variability, suggesting that multiple samples are necessary to accurately assess the level of contamination in a given area. At the same time, it was found that the range of concentration in the most contaminated sites and the least contaminated sites did not overlapsingle samples may therefore be useful in a preliminary assessment of the contamination of an area. Three locations were sampled both in 1977 and in 1979.
The analytical results (Table 3) indicate that within the limitations imposed by sample variability there were no changes in the B(a)P content of the sediments within this period. For comparative purposes, levels of benzo(a)pyrene in sediment samples taken from harbour and non-harbour sites outside the Arctic are shown in Table  4 . Median values rather than means are used, since occasional extremely high contamination levels are encountered in harbour areas near sources of pollution, and these values have a disproportionate effect on mean values of contamination. In 20 samples taken from 9 separate non-harbour sites on the Pacific Coast of North America (Oregon to British Columbia), the median value of contamination by benzo(a)pyrene was only 0.4 pg/kg. This value is comparable to levels found in Alaskan sediments and Devon Island samples, but is considerably less than levels encountered in sediments from the Mackenzie River and Beaufort Sea areas (median value 4.4 pgkg for 22 sites in Table 1 ). This difference is not due to any difference in the organic content of Pacific samples compared with Arctic samples. Although the levels in the Mackenzie and Beaufort samples are higher than the baseline levels seen elsewhere, they are still considerably less than the levels which are commonly encountered in polluted areas such as harbours (Table 4) . Contamination in these latter areas probably results from a combination of petroleum discharges, urban runoff and sewage discharges, fallout from urban air pollution, and leaching of creosote from treated pilings used in wharf structures.
DISCUSSION
PAH's in marine and freshwater environments originate from a great variety of different sources (Neff, 1979; Shabad, 1973) . A sharp gradient of B(a)P towards a sewage treatment plant (Dunn and Stich, 1976) , a higher concentration of B(a)P at the settled northern shore of the Ploner Sea than at the non-inhabited There was a significant positive correlation between levels of organic material in sediments, and levels of benzo(a)pyrene. Means et al. (1979) have indicated that the absorptive properties of sediments for polycyclic aromatic hydrocarbons depend mainly on their organic carbon content. A positive correlation between organic content and B(a)P levels in sediments could result from the ability of organic material in sediments to remove B(a)P from the water column. Alternatively, B(a)P and sediment organic material might originate from the same basic source, and be found in association with each other.
The relatively high concentrations of B(a)P in bottom sediments of the Mackenzie delta, the neighbouring shores of the Beaufort Sea and the vicinity of Smoking Hills (N.W.T.) do not fit this pattern. It is difficult to trace this contamination to a man-made activity. There is no increase of B(a)P in the vicinity of small cities or settlements as seen in the case of Nome, Aklavik, Inuvik and Tuktoyaktuk. Oil seepage could conceivably be an important factor. However, high pressure liquid chromatograph fingerprint patterns of polycyclic aromatic hydrocarbons from Athabasca tar sands differ considerably from those from bottom sediments of the Mackenzie delta (unpublished results). At present we consider forest fires or tundra fires (Wein, 1976) as the most likely' source of B(a)P in the marine sediments of arctic waters. There seems to be little doubt that forest and grass fires are a natural pyrolytic source of atmospheric PAH (Youngblood and Blumer, 1975; Farrington and Meyers, 1975; Suess, 1976) . A relatively high concentration of B(a)P in prehistoric layers of permafrost soil also indicates a natural origin of PAH's (Jenitsky et af., 1979) . However, an anthropogenic source cannot be completely excluded considering that PAH's can be carried over long distances (Bjorseth et af., 1979) .
